Objective: Falciparum malaria predominates in sub-Saharan Africa and children below five years are the most vulnerable. Giemsa-stained microscopy is the gold standard in malaria diagnosis. Diagnosis with rapid diagnostic test (RDT) kit is also common and over 80% of available malaria RDT kits is Plasmodium falciparum histidine-rich protein 2-based (Pfhrp2). However, these histidine-rich protein 2-based kits have been observed to give false positive and negative results due to persistent antigenemia and low parasitaemia respectively. Thus, the methods of Pauly, Perls, and Means & Feeney were adopted to explore the advantage of using microscopy for specific detection of these histidine-rich proteins and their usefulness in detecting low parasitemia in children.
INTRODUCTION
In Nigeria, malaria accounts for about 100 million hospital cases, over 300,000 deaths, about 60% of all outpatient visits to hospitals, and death of children under the age of 5 years [1] . Children under the age of 5 years are mostly affected because of their low immunity and variable signs and symptoms especially at low parasitemia where diagnosis is difficult [1, 2] .
The routine diagnostic methods for malaria in Nigeria have been microscopy and rapid diagnostic tests (RDT). Giemsa-based microscopy has been used for several years as a gold standard method [3, 4] . It has the advantage of detecting low parasitemia (as low as 10 parasites per µl of blood), quantification, and species identification. This method has contributed in the diagnosis and elimination of malaria in most part of the world. However, it needs technical expertise for accurate diagnosis. Also, the incorporation of HRPs in RDT was recommended by World Health Organization (WHO) for the diagnosis of in J Microbiol Infect Dis www.jmidonline.org Vol 8, No 2, June 2018 whole blood [1] . Histidine-rich protein (HRP) is one of the biomarkers of Plasmodium falciparum which aids in its specific detection for effective management and control of malaria [5, 6] . Histidine rich proteins are different antigens synthesized and expressed by asexual forms of Plasmodium falciparum in infected erythrocytes which are responsible for its virulence [6] . The HRP1 or knob-associated histidine-rich protein (KAHRP) is responsible for rosetting, cytoadhesion, increased parasitemia and anemia [7] [8] [9] . While HRP2 is a soluble protein found in plasma and on the membrane and cytoplasm of infected erythrocytes responsible for haemozoin formation, anemia, fever, organ dysfunction including cerebral malaria, and other associated life-threatening complications [2, 7, 10, 11] . It has been reported that the use of Plasmodium falciparum histidine-rich proteinbased RDT kits comes with false positive and false negative results [6, 12] . False negative results occur due to low parasitemia (<200 p/µl) or mutant genes [12] , and false positive due to circulating antigenemia within two weeks of treatment [4] . This has lead to misdiagnosis of malaria in most settings. Thus, all RDT results are subject to confirmation by microscopy.
Among these histochemical staining techniques, Perls method gives specific staining of ferric ion of hemozoin, the brown-black malaria pigment [13] . The methylene blue method of [14] has been reported to be specific in the detection of histidine, the amino acid which polymerizes to more than 20 histidine repeats units called histidine-rich proteins. While the Pauly stain detects the HRPs of the malaria parasite by chemodetection of the imidazole group of histidine using diazonium salt [15] . In this study, these three histochemical methods for microscopic detection of these Pfhrps where adopted with the aim of improving on the Giemsa and RDT methods especially for malaria diagnosis in low parasitemia and in asymptomatic cases frequently encountered among children. 
METHODS

Study area
Study subjects and sample collection
A total of 200 children between 0 and 5 years of both genders were recruited. Test subjects (n=101) visiting the General hospital, Calabar, Immanuel Infirmary, Calabar, University of Calabar Medical Centre, and Incopa Medical Laboratory were used. Control subjects without symptoms of malaria (n=99) were recruited from the general population. Each subject personal and demographic data was obtained with a structured questionnaire. Blood samples were collected by finger prick.
Inclusion criteria:
The test group comprised subjects with clinical signs of Falciparum malaria. While the control group comprised subjects with no clinical signs of malaria.
Processing of samples
Rapid diagnostic test
The RDT was carried out according to the manufacturer's instructions with capillary whole blood samples using CareStart PfHRP2 RDT test kits manufactured by Access Bio, USA.
Giemsa staining technique
The Giemsa microscopy method was carried out with thick and thin blood films stained with 10% Giemsa solution for 10 minutes. Results were reported according to WHO standard reporting format [17] .
Histochemical staining techniques
The thick and thin blood films of the subjects were stained for HRPs with three histochemical stains of [14, 18, 19] .
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In the methylene blue method of [14] , the blood films were flooded with 0.01% methylene blue for 30 minutes. All stained slides were viewed with the x100 objective of Kyowa light microscope and photomicrographs were taken using a LEICA 750DM photomicroscope.
Pauly method
In the Pauly Diazo method [18] the stain was prepared according to method of [15] and blood films were stained for 15 minutes.
Perl method
In the Perl Prussian blue method [19] , the blood films were flooded for 60 minutes with freshly prepared Perl stain.
Parasite density estimation
The positive slides were reported quantitatively as parasite density counts in the thick blood films according to the standard by [1] reference of parasite count/µl of blood. The number of parasites/200 high power fields was recorded.
The parasite density were classified as mild (<200 parasite count/µl), moderate (>200 parasite count/µl), and as severe malaria (>1000 parasite count/µl). The results were expressed as mean ± standard deviation and percentages. Prevalence was calculated using a 2 x 2 contingency table and receiver's operator characteristics (ROC) curve was used to determine the area under the curve. Probability level of less than 0.05 (p<0.05) was statistically significant.
Statistical analysis
RESULTS
The demographic data of human subjects in Table 1 showed that of the 200 participants 101 (34%) were symptomatic (test) while 99 (66%) were asymptomatic (control). Males were 98(48.7%) and females were 102 (51.3%). The highest number of participants were found among children aged 13-25 months 36 (24%) and the lowest number were aged 0-12 months 26 (17.3%).
The diagnostic tests results of P. falciparum are as shown in Plates 1 and 2 show the photomicrographs of malaria parasite stained with these methods.
DISCUSSION
On account of the wide use of HRPs as biomarkers in the diagnosis of P. falciparum with RDTs, its potential microscopic detection was explored. In this study, three histochemical methods of Pauly, Perls, and Means & Feeney were used to diagnose malaria by microscopic detection of HRPs in human P. falciparum species.
The demographic data showed that children below the age of five years are susceptible to malaria. It also revealed that malaria may be symptomatic or asymptomatic among the children examined. The ability of the diagnostic tests to diagnose malaria in both the symptomatic and asymptomatic groups is in confirmation that malaria may be symptomatic or asymptomatic in presentation [1] . The histochemical methods detected HRPs in varying specificities when compared with the Giemsa and RDT methods. This may be due to the staining mechanism of the different methods. The Perls method stained the iron component of the hemozoin pigment formed from HRP2 [13] .
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Pauly stain has been shown to react with the imidazole group of the histidine amino acid of HRP 2 and 3 [15] while the methylene blue method of [14] reacts with the histidine amino acid to produce staining reactions. This confirms the reports of other researches that HRPs are produced by P. falciparum [6, 20, 21] . All the methods including the Giemsa gold standard had sensitivities of 26-56% among the subjects. This shows that the subjects within this group are more susceptible to malaria due to their low immunity [22] [23] [24] . Thus, these stains help in early diagnosis because these groups become symptomatic earlier [25] . The sensitivities of Giemsa (56.4%), Means & Feeney (52.5%), Perls (47.5%), and Pauly (45.5%) were better than that of RDT (23.8%) for all the subjects tested in this study. This finding is supported by researches that HRPbased RDTs are less accurate than microscopy [4] . Baker et al. [6] had stated that antigenic variability and low HRP2 antigenemia at low parasitemia are responsible for the low performance of RDTs. This questions the reliability of RDT as a routine method for diagnosis especially at low parasitemia, although its merit of high specificity can be explored in ruling out false positive results as it meet the recommended specificity limit of WHO [26] . A recent report by [1] has recommended that the use of RDT should only be restricted to areas where microscopy is not available and its result must be confirmed by microscopy. Another advantage these methods have over RDTs is that they can quantify the amount of HRPs present in blood similar to the Giemsa method. Thus, they can be adopted in the management and monitoring of malaria treatment similar to the Giemsa method [4] . Among the three histochemical methods, Pauly stain proved to be the most accurate method by having the highest area under the ROC curve (0.830). This is in line with a study that the area under the ROC curve shows the accuracy of a diagnostic test [27] . These findings also confirm the report of [15] that "Pauly method is sensitive and specific in the quantitative detection of HRPs in P. falciparum". Its accuracy is comparable to the ELISA and western blot methods. This is explained by the specific staining of the imidazole group of the histidine amino acid by diazonium salts [15] .
The histochemical methods were valuable in measuring the level of prevalence and intensity of malaria based on low parasitemia, moderate parasitemia, and high parasitemia almost similar to Giemsa method. This important finding further emphasizes the relevance of these histochemical methods in detecting HRPs and as a useful marker in predicting malaria severity. Thus, correlates with other previously reported findings [3, 28, 29] . During microscopy, it was observed that the HRPs were detected both in thin and thick films. Speciation with thin film was possible as the morphology of the red cells were intact, a characteristic finding of falciparum infection. Thus, the histochemical methods can be used in species identification similar to the Giemsa stain [4] . As conclusion, this study reveals that the three histochemical methods of Pauly, Perls, and Means & Feeney can be employed in the routine diagnosis of Falciparum malaria. The quantitative staining of the HRPs is an indication of the ability of these methods to aid in the determination of the level of parasite density thus aid in better management and treatment of malaria. On the whole, these histochemical methods are capable of decreasing Falciparum malaria-related morbidity and mortality among children below five years in endemic countries including Nigeria.
